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DESCRIPTION 

POSITIONING METHOD AND APPARATUS 

The present invention relates to a positioning method and 
apparatus. - 

Time-of-arrival radio location systenns, for example as described in 
US Patent No. 5,764,686, utilise correlation techniques but these position 
processing methods are not well suited to densely populated environments 
with high levels of multi-path degradation. 

An object of the present invention Is to provide a positioning method 
that provides accurate and robust positioning measurements. 

Another object of the present invention is to provide a positioning 
method that operates effectively In a wide variety of environments. 

Another object of the present invention is to provide a positioning 
method that is effective in a wide variety of signal conditions. 

Another object of the present Invention is to provide a positioning 
method that is readily operable in rapidly changing environments and/or 
signal conditions. 

Another object of the present invention is to reduce the processing 

required for positioning. 

Another object of the present invention is to provide, a fast and 

effective positioning method- 
According to the present invention, there is provided a positioning 

method for a radio system, the method comprising: 
receiving signals at a unit of the system; 

applying at least one test on the received signals to select a 
processing operation on the signals, the operation being one of the 
following: a correlation processing operation, a leading edge processing 
operation; and 

then effecting the operation selected. 
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In this way, the method of the present Invention utilises the 
processing operation that yields the most accurate and robust 
measurement in tJie prevailing circumstances. This is particularly 
Important when the method is used In mobile equipment that tend to 
encounter conditions which vary considerably with time. 

Preferably the method includes a test which comprises detennining 
whether the signal level of the received signal is above a threshold value; if 
the level of the received signal is below the threshold value, the correlation 
processing operation is' selected. If the level of the received signal is 
above the threshold value, then there is.testing if the leading edge gradient 
is above a gradient threshold value; if the leading edge gradient is below 
the gradient threshold,, the leading edge processing operation is selected. 
If the leading edge gradient is above the gradient threshold value, the 
correlation processing operation is selected. 

Preferably, tiie method comprises repeating the test application and 
operation steps at predetermined Intervals. 

Other features of the method are disclosed in the claims. . 
According to tiie present invention, there is also provided a 
computer program product directly loadable into the internal memory of a 
digital computer, comprising software code portions for performing the 
method of tiie present invention when said product is run on a computer. 

According to the present invention, there Is also provided a 
computer program directiy loadable into the internal memory of a digital 
computer, comprising software code portions for performing the method of 
ttie present invention when said program is run on a computer. 

According to the present invention, there is also provided a canier, 
which may comprise electronic signals, for a computer program 
embodying ttie present Invention. 

According to the present invention, tiiere is also p/ovided electronic 
distribution of a computer program product, or a computer program, pr a 
carrier of the present invention. 

According to the present Invention, there is also provided 
positioning apparatus for a radio system, tiie apparatus comprising: 
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means to receive signals at a unit of tiie system: 

means to apply at least" one test on the received signals to select a 
processing operation on the signals which is one of the following: a 
con-elation processing operation, a leading edge processing operation; and 

means to effect the operation selected. 

The present invention is applicable to tlme-of-arrival radio systems 
generally and including GPS or GSM systems, and for example using Ultra 
Wide Band (UWB) or Direct Sequence Spread Spectrum (DSSS) signals. 

In order that the present invention may more readily be understood, 
a description is now given, by way of example only, reference being made 
to the accompanying drawings in which:- 

Figure 1 is a flow-chart representing a positioning method provided 
by the present invention; and 

Figure 2 shows a circuit configuration of an implementation of the 

present invention. 

The present invention involves testing signals received at a unit to 
detemiine which is the processing operation most appropriate to the 
signals, being based on a variety of criteria and aspects of the received 
signals. 

Thus, at any given time and set of circumstances, determination 
may result in a decision to use one particular processing method. At a 
later time, the form of the signal may have changed and/or the local 
environment may have changed, resulting in a different decision or even 
the same decision but for different reasons. 

The method represented In Figure 1, embodying the present 
invention, allows the tlme-6f-flight of a signal for accurate and robust 
positioning ih e.g. GPS or GSM systems, for example using Ultra Wide 
Band (UWB) or Direct Sequence Spread Spectrum (DSSS) signals. 

Depending on the extent of noise degradation and multipath 
degradation suffered by the signal in the propagation environment, either a 
measurement based on a leading edge technique, or a measurement 
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based on a correlation technique, is used in order to yield the most 
accurate result. 

In an environment with a high level of background noise, a 
measurement based on a standard conrelation technique yields a more 
s accurate result, whereas in a densely populated environment with a high 
level of multipath degradation, a measurement based on a leading-edge 
technique yields a more accurate result. 

The method represented by Figure 1 provides a reliable and 
accurate selection of a most appropriate signal processing technique at 
10 any given time for a particular set of circumstances. 

The method will now be described with reference to Figure 1. 
At Step 1, a receiver B receives a periodic pulse form a transmitter 
A. In order to obtain a pulse of sufficient (SNR) Signal/Noise Ratio for the 
point of inflection calculation, each period of the pulse train is coherently 
15 summed (Step 2). 

For a pulse train with a period of T, coherent summing results In a 
pulse train constituting N pulse train periods, thereby yielding N times the 
original signal strength, but only VN times the noise, as coherent summing 
of pulses causes the noise to be averaged out. 

20 A further way of improving the SNR of the pulses for the purposes 

of a leading-edge technique Is to take the convolution of the first pulse In 
the pulse train with a bump function, for example a Gaussian function, of 
width slightly greater than the widest noise perturbation. The nose 
perturbations are In effect filtered out as the function averages over the 

5 width of the noise fluctuation, according to the following equation: 

such that the pulse is given by f(y) and the pulse width p satisfies 
the criterion: 

' /? V » 1 . 

Step 3 performs a test to determine if the value of the received SNR 
has a corresponding worst-case leading edge technique range error (found 
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via lookup In the device memory) that is worse than the user-defined range 
error. The worst-case leading edge range error for various signal-to-noise 
ratios was taken during previous experimental measurements, this data 
being stored in the look-up memory. 

Step 3 perfonns a test to determine the worst possible practical 
. range error. The range emir is calculated for a received pulse with a very 
low gradient controlled by measuring signals in the indoor environment to 
determine the pulse gradient that represents a non-negligible worst-case 
scenario for a fixed signal-to-noise ratio. The range enror is calculated for 
various predetemiined values of signal-to-noise ratio (SNR), allowing the 
construction of a look-up table. 

In normal operation, the look-up table is used in real time to provide 
the range error ei for a particular SNR with the range enror ei fomiing the 
decision threshold value K, determined firstly by taldng plentiful received 
signal data throughout a particular type of environment e.g. a building. A 
collection of data (the lower quartile) of lowest gradient signals with the 
same SNR is chosen as the set of worst-case scenario signals of a given 
SNR. Then the mean and standard deviation range enror is determined for 
this set of signals with the leading edge method and K is the mean value 
within the calculated standard deviation. K is dependent on SNR as better 
SNR increases range error. So for various SNR, the value of K is found 
from experimental signal measurements. 

Once the SNR of the received signal is measured, its corresponding 
worst-case leading edge range error is looked-up In the memory. This 
range error is the threshold value K. Previously, the limits of range error of 
any positioning meiasurement have been set to be the value e. The value 
e is checked against the threshold value k. If K<e, Step 4 is reached, so 
. that the error of doing worst-case leading edge is within the user-defined 
error e, so doing leading edge will give the worst-case error K. 

If the SNR is less than the threshold K, Step 1 1 is reached, wherein 
the range error using a leading-edge technique is worse than ei, indicating 
that the use of a correlation technique is selected. 
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When K>e, then Step 11 Is reached. This means that the error of 
doing \yorst-case leading edge is higher than the user-defined error e. The 
system can only get a smaller range error by doing the correlation 
technique. As the system has the range en-or within e, step 11 i.e. the 
con-elation technique must be implemented. 

Step 11 comprises another decision point. A test is again 
perfonned to determine whether the SNR is too low for a correlation 
technique with con-elation time T, to provide a range en-or value that is 
within the user-defined error value found from a look-up table which 
contains the average range en-or from a correlation technique for the 
signal of various SNR and various con-elation times. The threshold range 
en^or is found from another look-up table for the conflation technique 
range errors for various times arid SNR's. Again a look-up table based on 
existing data is constructed, with fields SNR, correlation range error. The 
average range error is found by performing a con-elation technique on 
signals of fixed SNR and correlation time. The range of a received signal 
is determined via ttie con-elation technique. The exact range is also 
measured between the transmitter and the receiver. The difference 
between tiie conrelation estimated range and the exact range is ttie value 
of the range en-or for a particular SNR and correlation time. These 
measurements are perf^ormed many times for a transmitter and receiver 
placed in differing positions within the environment. The range error value 
used is the average of those values taken for a fixed SNR and correlation 
time T, and thereby is utilised to extract a range error S2, given a particular 
value of SNR and correlation time T. 

The con-elation range enor for a given time and SNR is found from 
ttie look-up table to be C, which Is a threshold value. If ttie user-defined 
range en-or e is greater than C tiian ttie con-elation time for ttie ti-ansmitted 
signal should be sufficient to obtaui.a range measurement within the user 
defined bounds. So ttie conrelation technique is perfonned in Step 12. 

If tile threshold error C (found from the look-up table) is greater Uian 
ttie user-defined range error e. then tiie correlation technique probably 
gives a position measurement outside ttie userndefined bounds. Thus, to 
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increase the accuracy of the position measurenrient Is to increase the 
correlation time, as it increases the SNR of the correlation function used 
for finding the tinrie-of-flight and subsequently the position fix. This is 
performed in Step 13. 

^If the range error 82 is greater than the range error 81, a new 
con-eiation time T is found from the look-up table that yields an en-or of at 
least 81 for a given SNR. 

Should Step 4 be reached, meaning the worst-case leading edge 
range en-or for the SNR of the received signal (found from a look-up table) 
is less than the user-defined or system-defined range en-or e, Step 5 is 
carried out only where a power-saving mode is selected in the system. 

Step 5 is a power-saving mode to Step 2. Using the stored value 
for the measured SNR of the received signal, go to look-up table to find the 
transmit time that yields the max range error e. For the next transmitted 
signal, the transmit time is reduced to that found in the look-up table. 

The high value of SNR is not necessary because as range accuracy 
is reduced in order to save power. By transmitting a signal for a shorter 
time the coherently superpose signal has a lower SNR which reduces the 
range accuracy or increase the range error. However, transmitting a 
signal for a shorter time saves on signal power. 

Step 6 is reached directly from step 4 when no power-saving mode 
is selected. 

At Step 6, a back-up test is conducted to determine whether a 
ieading-edge technique or correlation technique should be used. 

The gradient of the leading edge g and the signal-to-noise ratio 
SNR are stored with the leading edge range en-or. Also, SNR of the signal 
and its transmit time T are stored with the average conrelation method 
range error. At Step 7, a correlation method is chosen if, given the SNR 
and T of the signal, the range en-or j is less than the range en-or from the 
leading edge method given the gradient g and SNR of the signal. 

At Step 8. a leading edge method is chosen if, from the look-up 
table, it is determined that the range enror for the leading edge parameter 
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(i.e. SNR and gradient g) Is less than the range error from the con-elation 
technique parameters (I.e. SNR and transmit time). 

At Step 6, to detennlne the gradient of the leading edge, a single 
pulse In the pulse train Is used, for example the first one. and the position 
of the point of Inflection of the leading edge Is detennlned. As a digital 
waveform is unlikely to have sufficient sample points to determine the 
location of the point of inflection, an analogue signal is preferably used, 
with the gradient determined using the equation: 

dt 

where V is the voltage of the signal waveform C is the capacitance 
and / Is the current. 

A range error is the difference between the measured range or 
time-of-flight of the received signal and the exact known distance the 
signal travelled (which appears In the look-up table data found in an 
experimental phase). If the SNR is sufficiently high to have a range error 
which Is less than the user-define error e Independent of the pulse 
gradient, or if the SNR Is greater than a predetemilned threshold X a 
leading-edge technique can be employed. This is shown by the flow chart 
moving directly from step 4 to step 10. This is possible due to the 
independence of the leading-edge technique from the environment. 

From experimental measurements in a building, a SNR value can 
be found that is so high that say 95 percent of ail leading edge 
measurements have a range error less than the system defined error e. 

if SNR is very high, there is little noise on the signal. There Is also 
the multlpath effect which affects leading edge techniques much less than 
correlation techniques. As SNR increases, the multlpath the range en-or 
decreases. If SNR is high enough, the range error is smaller than the 
user-defined en-or e for any multipath environment. 

The present invention may provide significant advantages over the 
prior art In terms of the amount of processing required. If environment 
thresholds in the present Invention are met. the con-elation technique can 
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immediately be used, obviating tlie need for tlie extra processing required 
by the leading-edge technique. 

Similarly, in some circumstances, an immediate decision to use the 
lead-edge technique can be made, avoiding the processing associated 
with finding the correlation peak. 

There arise a situation where the thresholds set for utilising either 
the leading-edge technique or the conrelation technique prove not to be 
sufficiently robust, due to ambiguity in the propagation environment, and 
the use of a back-up decision is necessary. In the case where only the 
con-elation technique is used, the integration-time of the system can be 
increased. In the case where only the leading-edge technique is used, a 
further test on the gradient of the leading edge allows a decision to be 
made as to whether a leading-edge technique or a con-elation technique 
would provide a more accurate measurement. 

Figure 2 shows a software implementation of the present invention 
Incorporating the method as described In relation to Figure 1 . 

Thus there is shown a CPU 20 which accomplishes a number of 
software routines on Input signals in order to determine, for a signal 
received at CPU 20, whether it is to be processed by a leading-edge unit 
21 or a correlation unit 22. 

CPU 20 has software to test for low S/N by calculating the gradient 
of the signal between successive sample points. This Is achieved by 
reference to the sampling rate of the signal which is set to a sampling 
space of dt by sampler 23. The value of the energy at each sample point 
is stored in memory 24, i.e. at sample point ti the signal ei is stored in 
memory, at sample point t2 the signal energy ea is stored and so on. 

Once all the appropriate values are stored in memory, the 
successive gradients are calculated by: 

E={Grad1=(e2-e)/dt. Grad2=(e3-e2)/dt. ....,Gradn=en+1-e„)/dt}. 

If the variance of the successive gradients is high, then the S/N 
level Is low because a noisy signal does not have a smooth edge, i.e the 
edge will be perturbed; so the value of successive gradients differ greatly 
i.e the variance is high. 
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In order to calculate the variance of the gradient values in the set E, 
the following operation 25 is performed: 

Variance=1/N sum_n(Gradn)'^2 - (1/N sum_n Gradn)'^2, 
where N is the total number of sample points, and sum_n is a 
summation oyer all the sample points. 

By testing over a standard or test sequence of signals prior to 
production of an Implementation of a commercial product embodying the 
present invention, one can determine the variance value that corresponds 
to the limit value for doing leading-edge processing. 

Leading-edge processing is done on a signal element if the S/N 
ratio is not too low, otherwise standard correlation is performed (26. 27). 

Clearly, in a variant, the operations performed by units 21 and 23 
can also be performed by CPU 20 as part of its software routines. 

The present invention thereby provides a robust decision-making 
process, adaptive to variations in the environment, for selecting the most 
appropriate technique, In real time, for particular circumstances. The 
decision-making process Is supported by the use of coherent pulse 
summing and convolution with a Gaussian function for improving the 
signal-to-nolse ratio. 
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CLAIMS 

1. Positioning method for a radio, system, the method 
comprising: 

receiving signals at a unit of the system; 

applying at least one test on the received signals to select a 
processing operation on the signals, the operation being one of the 
following: a correlation processing operation (Step 9, 12), a leading edge 
processing operation (Step 10); and 

then effecting the operation selected. 

2. The method of Claim 1 wherein the test applied comprises 
determining whether the signal level of the received signal is above a 
threshold value (Step 4). 

3. The method of Claim 2 wherein, if the level of the received 
signal is below the threshold value, the correlation processing operation, is 
selected (Step 12). 

4. The method of Claim 2 comprising, if the level of received 
signal is above the threshold value, testing if the leading edge gradient is 
above a gradient threshold value (Step 6). 

5. The method of Claim 3 wherein, if the leading edge gradient 
is below the gradient threshold value, the leading edge processing 
operation is selected (Step 10). 

6. The method of Claim 4 wherein, if the leading edge gradient 
is above the gradient threshold value, the con-elation processing operation 
is selected (Step 9). 

7. The method of any preceding claim, comprising repeating the 
test application and operation steps at predetemnined intervals. 
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8. The method of any preceding claim comprising coherently 
superposing received pulses before the test application step. 

9. The method of any preceding claim comprising convolution 
of a pulse with a bump function. 

10. The method of any preceding claim comprising, if the signal 
level is below the signal level threshold, extending the receiving time 
period for the signal before the next/successive test application(s). 

11. The method of any preceding claim comprising, before 
testing whether the leading edge gradient is above a threshold value, 
reducing the next transmit period (Step 13). 

12. The method according to any preceding claim comprising 
reducing the time period for the leading edge test for operation in a power- 
saving mode. 

13. The method according to any preceding claim comprising 
effecting the leading edge processing operation after selection with no 
intermediate testing or processing. 

14. The method according to any preceding dalm comprising 
measuring the gradient using the formula:- 

l = Cdy 
Dt 

Where V = voltage of the signal waveform, 
C = capacitance, 
,1 = current 



15. The method according to any preceding claim wherein the 
leading edge processing operation comprises differentiating the received 
signal voltage or peak and locating the zero-crossing (point of inflexion). 



13 



PHGB 030214 GBP 



16. A computer program product directly loadable into the 
internal memory of a digital computer, comprising software code portions 
for perfonning tlie method of any one or more Claims 1 to 15 when said 
product is run on a computer. 

17. A computer program directly loadable into the internal 
memory of a digital computer, comprising software code portions for 
performing the method of any one or more of Claims 1 to 15 when said 
program is run on a computer. 

18. A canier, which may comprise electronic signals, for a 
computer program of Claim 1 7. 

19. Electronic distribution of a computer program product of 
Claim 1 6 or a computer program of Claim 1 7 or a carrier of Claim 1 8. 

20. Positioning apparatus for a radio system, the apparatus 
comprising: 

means to receive signals at a unit of the system; 

means (20,. 21. 22) to apply at least one test on the received 
signals to select a processing operation on the signals which is one of the 
following: a correlation processing operation, a leading edge processing 
operation; and 

means to effect the operation selected. 

21 . Apparatus of Claim 20 comprising means (26) to detenmlne 
whether the signal level of the received signal is above a threshold value. 

22. Apparatus of Claim 21 comprising means (26) to select the 
conrelation processing operation if the level of the received signal is below 
the threshold value: 
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23. Apparatus of Claim 22 comprising means (26) to test 
whether the leading edge gradient is above a gradient threshold value, if 
the level of the received signal is above the threshold value. 

24. Apparatus of Claim 22 comprising means (27) to select the 
leading edge processing operation, if the leading edge gradient is below 
the gradient threshold value. 

25. Apparatus of Claim 23 corhprlsing means (27) to select the 
congelation processing operation, if the leading edge gradient is above the 
gradient threshold value. 



26. Apparatus . of any of Claims 20 to 25, comprising means to 
repeat the test application and operation steps at predetermined intervals. 
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ABSTRACT 

POSITIONING METHOD AND APPARATUS 

In a GPS or GSM system using DSSS signals, accurate and robust 
time-of-fllglit signal processing is aciiieved by selection of leading-edge or 
correlation tecliniques based on a variety of tests and environmental 
conditions. 

[Figure 1] 
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